Although BNL cyst inventories in the eastern and western gulf are 1-2 orders of magnitude smaller than the abundance of cysts in the upper 1 cm of sediment in those regions, BNL and sediment-bound cyst inventories are comparable in the Bay of Fundy. The existence of widespread BNLs containing substantial cyst inventories indicates that these near-bottom layers represent an important source of germinating A. fundyense cysts in the region.
Introduction
The marine benthic boundary layer (BBL) is the region encompassing the uppermost surface sediments and the overlying water column that is impacted by the presence of the sediment-water interface (Boudreau and Jorgensen, 2001) . Bottom stressgenerated turbulence levels are enhanced in the BBL on microto macro-scales depending on the depth and strength of mixing and current flow (Dade et al., 2001) . It is within the BBL that near-bottom particle resuspension layers or benthic nepheloid layers (BNLs) develop, representing a distinctive zone of increased suspended particle concentration (McCave, 1985; Hill and McCave, 2001) . BNLs are commonly observed on continental margins and at the base of continental slopes (Eittreim et al., 1976; Newberger and Caldwell, 1981; Spinrad and Zaneveld, 1982; McCave, 1983; Spinrad et al., 1983; Dickson and McCave, 1986; Spinrad, 1986; McCave, 1986; Durrieu de Mandron et al., 1990; Townsend et al., 1992) . The thickness of the BNL as well as its particle size spectra and composition vary as a function of local and regional fluid flow, bottom sediment type, particulate export from overlying waters, and local biological community composition (Agrawal and Traykovski, 2001; Boss et al., 2001; Chang et al., 2001; Gardner et al., 2001; ). Significant biological and particulate geochemical activity in the BNL relative to the overlying, less turbid water is indicated by the high particle concentration, enhanced aggregation rates, elevated biological activity and biomass, plus high concentrations of organic matter in the nearbottom layer (Wishner and Meise-Munns, 1984; Lampitt, 1985; Gowing and Wishner, 1986; McCave, 1986; Smith et al., 1987; Wainright, 1987; Dortch et al., 1988; Mayer et al., 1988; Gardner and Walsh, 1990; Townsend et al., 1992; Ransom et al., 1997 Ransom et al., , 1998 Rutgers van der Loeff et al., 2002) . In shallow coastal settings, BNLs may extend from the sediment-water interface to the surface ocean with potentially significant impacts on upper water-column nutrient dynamics, phytoplankton bloom activity, and higher trophic level production (Flint and Rabalais, 1981; Fanning et al., 1982; Kirn et al., 2005) .
Throughout the Gulf of Maine, BNLs have been identified by numerous CTD/transmissometer profiles collected over different seasons and years and thus they appear to be permanent to semipermanent features in the region (Spencer and Sachs, 1970; Spinrad, 1986; Dortch et al., 1988; Townsend et al., 1992; Pilskaln Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/dsr2 Deep-Sea Research II et al., 1998) . Identification of BNLs in the gulf has been based on the transition from relatively particle-free water at mid-depths where beam attenuation is approximately 0.5 m −1 to an underlying, near-bottom layer where beam attenuation increases by 440% (reciprocal % light transmission decreases from $ 90% to $75% or less; Spinrad, 1986; Townsend et al., 1992; Kirn et al., 2005; Pilskaln et al., 1998) . BNL heights are reported to vary from 10 to 30 m and are associated with substantially elevated concentrations of labile organic compounds, total particulate organic carbon (POC) and particulate organic nitrogen (PON) as well as an enhanced abundance of microbes, nanoplankton and zooplankton biomass relative to the overlying, low particle density water (Dortch et al., 1988; Townsend et al., 1992; Pilskaln et al., 1998; Hayashi and Pilskaln, 2011; Pilskaln et al., 2014) . Results from timeseries sediment traps placed above and within the BNLs at various gulf sites clearly document the persistent intensity of bottom resuspension in the gulf. Highly lithogenic resuspension fluxes in gulf BNLs, with seasonally variable organic and biomineral content, are up to several orders of magnitude greater than the particle mass fluxes measured above the BNLs (Pilskaln et al., 1998; Hayashi and Pilskaln, 2011; Pilskaln, 2009; Pilskaln et al., 1998) . Several important studies in the Gulf of Maine have speculated that sediment-bound Alexandrium fundyense cysts are resuspended into the overlying BNLs Kirn et al., 2005) . A. fundyense is the toxic dinoflagellate responsible for "red tides" or harmful algal blooms (HABs) that cause shellfish to become dangerously toxic after they filter the organism from the water during feeding and concentrate the potent neurotoxin that it produces in their tissues (Anderson, 1997 (Anderson, , 1998 . The A. fundyense life history includes a resting cyst that sinks down from the water column to the underlying sediments and remains dormant for most of the year, germinating in the spring to initiate annually recurrent blooms . Our working hypothesis is that the blooms are initiated via resuspension of mature cysts from the upper sediments, with input to the BNLs Kirn et al., 2005) . Resuspended cysts may be maintained in the near-bottom particle resuspension layers for an unknown period. Regardless of the cyst BNL residence time, the BNLs likely constitute a suspended cyst reservoir that places mature cysts in favorable germination conditions (Kirn et al., 2005; Anderson et al., 2005) .
The purpose of this communication is to report on the Gulf of Maine and Bay of Fundy distribution and thickness of benthic particle resuspension layers, provide estimates of the inventory of A. fundyense cysts within the benthic resuspension layers, compare the BNL cyst inventory to that in the underlying surface sediments, and determine if there is a relationship between BNL thickness and suspended cyst abundance. Using these results, we examine the potential movement of cyst-rich BNLs along the northern New England coast and to the deep central and southern regions of the gulf.
Methods
In October 2004, we conducted a 10 d cruise (CH15604) aboard the R/V Cape Hatteras to identify and map the vertical and geographical extent of the near-bottom resuspension layer or BNL, obtain concentrations of near-bottom suspended A. fundyense cysts, and collect surface sediments for cyst counts. Full-depth CTD/transmissometer profiles with 1 m vertical resolution were completed at 97 stations extending from the edge of Massachusetts Bay, up to the Bay of Fundy, and out to the deep offshore Wilkinson and Jordan Basin (Fig. 1) . Thirty four stations were completed in the eastern Gulf of Maine (EGOM), 40 in the western Gulf of Maine (WGOM) and 23 in the Bay of Fundy (BOF; Fig. 1 ).
Station bottom depths ranged from 50 to 290 m. The data were obtained with a rosette-mounted Sea-Bird CTD, Sea Tech transmissometer (25 cm path length, 660 nm) and Chelsea Instruments chlorophyll a fluorometer. All data were analyzed using the standard Sea-Bird SeaSoft software program which provides beam attenuation due to particles only (e.g., attenuation due to water and dissolved organic material is removed; Bishop, 1986) . The top of the BNL at each CTD station was approximated at the depth at which the beam attenuation values increased by 440% over the overlying, mid-depth particle minimum zone. At 14 of our CTD stations, casts were completed to collect 10 L water samples at 6 depths for suspended particle mass (SPM) and POC determination. Samples were obtained 1-5 m below the surface, below the base of the mixed layer, within the particle minimum zone underlying the mixed layer, and at 2-3 depths within the BNL (10-20 m above the bottom). All sampling depths were determined on the CTD/transmissometer down-cast and water samples were collected on the up-cast. Onboard, in-line vacuum filtration of the samples onto pre-combusted, pre-weighed GFF filters was completed with an average of 5-6 L filtered per depth sample. SPM (as mg L −1 ) was calculated by dividing the filtered sample dry weight by the total volume of water filtered; POC content of suspended particles was obtained by coulometer analysis of filtered samples following standard acid fuming to remove carbonate.
To quantify the inventory of near-bottom suspended A. fundyense cysts, large volume water samples were collected at depths ranging from 2 to 50 mab (meters above bottom; mean depth sampled ¼21 mab), depending on the presence and thickness of a BNL. Using the CTD/transmissometer down-cast profiles, we identified the depth of the near-bottom resuspension zone and on the up-cast, we tripped three 10 L Niskin bottles at two depths within the BNL (below the top of the layer and near the bottom) to obtain samples from which cyst abundance (# cysts L −1 ) could be determined. At stations where we did not observe a well-defined benthic resuspension layer/BNL, we obtained samples at 3-5 and 10-20 mab. Each single-depth, 30 L water sample was sieved through a 20 mm Nylon mesh sieve with filtered seawater (o20 mm) to concentrate the cysts. The cysts and particles remaining on the sieve were then resuspended to 45 ml in a 50 ml centrifuge tube and fixed with formalin (5% final) in the field. Onshore, samples were further processed using standard cyst processing protocols (Anderson et al., 2003 . Samples were first re-sieved and resuspended to 45 ml in filtered seawater removed the formalin. Secondly, the samples were sonified for 60 s; the disaggregated sample was sieved sequentially through a 100 mm mesh to remove detritus and the filtrate was passed through a 20 mm sieve to retain the 20-100 mm cyst fraction. The sample was then resuspended into 14 ml of filtered seawater in a 15 ml tube. Finally, for primuline staining of the cysts, the sample was centrifuged (3000 Â g for 10 min), the seawater was removed by aspiration, and the resulting pellet of centrifuged cysts was resuspended into cold methanol and stored for at least 24 h. The sample was centrifuged again, the methanol removed, and the pellet resuspended in 10 ml of distilled water. After centrifugation, 2 ml of primuline stock (2 mg ml −1 ) was added directly to the pellet and incubated at 4 1C for 1 h. The stained sample was centrifuged, excess primuline removed, and the pellet resuspended in a final known volume of distilled water (usually 5-10 ml). One milliliter of the processed sample was loaded into a Sedgewick-Rafter chamber and the green fluorescently-stained cysts were counted at 10x with a Zeiss epi-fluorescence microscope (excitation¼ 450-490 nm BP; emission ¼510 nm LP). All cyst data reported in this study represent intact cysts; empty A. fundyense cysts resulting from cyst death or germination were not enumerated.
Concentrations of A. fundyense cysts were determined from the cyst counts obtained from the large-volume, BNL water samples collected at each station. We calculated mean cyst abundance over the depth interval that was sampled at each station, regardless of the presence of a well-defined BNL. Due to sampling irregularities, the farthest above-bottom depth sampled for cysts within the BNLs did not consistently represent the top of the BNL. Thus our calculated inventory of suspended cysts in the BNL per station is conservative as it is based on the depth interval sampled within a station's BNL, which was less than the total BNL thickness at approximately 40% of the stations.
Results
Pervasive BNLs exhibiting substantial variability and structure with depth are revealed by the transect profiles of beam attenuation (hereafter beam-c) plotted and presented in color contoured sections in Figs Map views of Gulf of Maine and BOF BNL thickness, BNL suspended cyst data and 0-1 cm sedimentary cyst abundances are shown in Fig. 4 . The data for each station (shown as black dots in Fig. 4 ) were gridded onto a high resolution (0.011 latitude) mesh using linear interpolation within Matlab's "meshgrid" algorithm. Overall, higher beam-c values in the benthic boundary region characterized the eastern gulf as compared to the western gulf region (Fig. 4A) . The thickest BNLs of 45-60 m were found within the BOF, in the offshore eastern gulf/Jordan Basin region, and in topographically low areas of the western gulf (Fig. 4A) . BNLs of o5-20 m thick were prevalent along the coast at bottom depths of o100 m, in the area between the Scotian Shelf and eastern Jordan Basin and in a region extending offshore in a southwesterly direction from Penobscot Bay (Fig. 4A) . Mean thickness of the BNLs was 24 m in the western gulf, 32 m in the eastern gulf and 27 m in the BOF with the eastern gulf displaying greater areal extent of thick BNLs than the western domain. One station in the BOF revealed no BNL (Fig. 4A) .
BNL suspended cysts (concentrations presented as # m −3 in Fig. 4B ) were found at all 2004 stations with the exception of one station in northwestern Wilkinson Basin. However, stations adjacent to this site ( o20 km) all showed cysts in the BNL filtered samples (Fig. 4B) . Additionally, cysts were found in near-bottom suspended particle samples from stations with minimal evidence of a BNL. The overall pattern shows highest suspended cyst concentrations from the BOF into the far northeastern gulf, south and southwest of Grand Manan Island and Eastport, Maine (ME (Martin and Wildish, 1994; Anderson et al., 2005 Anderson et al., , 2014 . These seedbeds have been proposed as the primary sources of the inoculum for the annual A. fundyense bloom in the gulf McGillicuddy et al., 2005; Anderson et al., 2014) . If the majority of suspended matter (i.e., cysts, lithogenic particles, siliceous tests, etc.) in the BNLs is delivered via sediment resuspension (Kirn et al., 2005; Pilskaln et al., 2014) , and we hypothesize that the particles are proportionately distributed within the BNLs, it follows that thicker BNLs would likely exhibit higher suspended particle (and cyst) inventories. Comparison of the contoured BNL thickness map and the suspended cyst concentration in the BNL (Figs. 4A and B) indicates that there no obvious covariance between BNL thickness and BNL cyst abundance. Linear regression analysis shows that stations overall with BNLs and suspended cysts (n ¼97) give r ¼0.18 (p¼ 0.08). Even though there are areas where both parameters were elevated such as along the western edge of JB and in the BOF, there are regions where the BNL was relatively thin and near-bottom suspended cyst abundance was high. The latter situation was observed at the stations to the south and southeast of Grand Manan Island and in the region extending offshore and to the southwest of western Penobscot Bay (Figs. 4A and B) .The western gulf displays a slightly lower r value of 0.06 (n ¼40, p ¼0.71) than the eastern gulf stations (r ¼ 0.20, n ¼34, p ¼0.25). The BOF stations displayed the highest r value of 0.54, (n ¼23, p ¼0.01) between the two parameters which is significant at the 95% confidence level. Table 1 on median rather than mean cyst concentration for each subregion as the latter can be significantly skewed by a single value that is extremely large or small. Table 1 also presents the integrated cysts per m −2 in each subdomain using mean BNL thickness values for each region calculated from data shown in Fig. 4A , and the total subdomain BNL cyst inventories and underlying surface sediment cyst inventories (latter from Anderson et al. (2014) /cyst maps). Even though the BOF area is 2-3 times smaller than that of the WGOM and EGOM, it exhibits the largest BNL cyst concentrations (# m −3 , Table 1 , column 2) and largest BNL cyst inventory (Table 1 , column 5). Interestingly, the smallest BNL cyst concentrations and inventory is represented by the largest subdomain area, the WGOM, which also has the greatest total sediment reservoir of cysts. WGOM and EGOM show essentially identical BNL cyst inventories whereas the west has a 4-fold greater sedimentary cyst inventory (Table 1) .
Discussion

Gulf of Maine BBL particle resuspension and BNL connections: implications for cyst transport and bloom initiation
Gulf-wide, full-depth beam attenuation data sets clearly document the abundance of BNLs within the bottom boundary layer. Elevated SPM and POC content of BNL samples additionally distinguish the layer from immediately overlying waters with much lower particle abundance. Multiple forces affect fluid and particle motion in the gulf benthic boundary region (e.g., seasonally large storm waves, energetic tidal flow and strong coastal currents) and inevitably impact the geographic development and persistence of BNLs. Nonetheless, BNLs are a prominent and distinct feature in the gulf. Deciphering potential transport links between BNLs that overly principal sedimentary cyst beds and the rest of the gulf may be important to include in bloom forecasting applications such as that presented by He et al. (2008) , Li et al. (2009) 
and McGillicuddy et al. (2011).
Of particular interest is the observed connection between the BOF and eastern gulf BNLs (Figs. 2-6 ) and high suspended cyst abundance (Figs. 4B and C) . A near-bottom conduit of particles and cysts from the BOF into the Maine Coastal Current (MCC) is indicated by our data in which a high BNL cyst concentration region (41000 cysts m ) just off the coast from Corea, ME (Fig. 4B ). There are striking similarities in the BNL suspended cyst patterns of Fig. 4 (B andC) and the 0-1 cm sedimentary cyst map in Fig. 4(D) in terms of focused, high-value areas and connections between some of these areas. Based on these results, we suggest that southwesterly MCC transport of BOF cysts along the Maine coast provides an important contribution to the cyst inventories in the BNLs located to the southwest and downstream of the BOF. A similar northeast-tosouthwest pattern has been observed and modeled in the propagation from the BOF to midcoast Maine of annual A. fundyense blooms via the MCC McGillicuddy et al., 2005) . However, numerical model simulations of suspended cyst transport suggest the possibility of more modest advective length scales (Aretxabaleta et al. 2014 ).
An additional significant feature of the suspended cyst map (Fig. 4B) is the prominent southerly extension and increase in cyst concentration offshore along the western edge of JB and into the deep central gulf. The pattern is very similar to and thus likely related to the observed offshore branching of the MCC that contributes to the cyclonic JB gyre (Pettigrew et al., 1998; Brooks and Townsend, 1989; Anderson et al., 2005; Pettigrew et al., 2005) and perhaps is a conduit towards Georges Bank. Large to moderate-sized blooms of A. fundyense have occurred in the spring-summer on Georges Bank, although it is not clear what provides the initial inoculum for the blooms that proliferate within its retentive gyre . Based on the above observations and the BNL-cyst distribution data presented here, it is suggested that the southerly extension of the MCC may periodically be associated with a high abundance of suspended cysts in the underlying BNLs. If the cysts are eventually carried farther south to the northern side of Georges Bank, strong tidal mixing and upwelling (Franks and Chen, 1996 ; Chen and Beardsley, 1998; Townsend and Thomas, 2001; Hu et al., 2008) could bring those cysts to the surface where favorable nutrient and light conditions would allow them to bloom. Obviously, this pathway of suspended cyst transport from the central gulf to Georges Bank is not resolved by the present data and a comprehensive assessment of that potential awaits further study.
Benthic nepheloid layer and surface sediment cyst inventories: how they compare
Our maximum BNL cyst concentrations of 10 5 cysts m −3 (median ¼10 4 cysts m −3
, Table 1 ) were an order of magnitude greater than that reported in Kirn et al. (2005) . Differences between BNL cyst concentrations reported in the two studies reflect several factors. Firstly, interannual variability in sedimentary cyst abundance clearly occurs /cyst maps), thus leading to variations in the potential contribution of cysts to the BNLs via resuspension. Secondly, significantly different BNL water sample sizes were collected, with the present study using 90 L samples and Kirn et al., 2005 study obtaining 30 L samples. No replicates were collected and filtered for cysts in either study due to station time constraints. Finally, the two studies were conducted in different seasons. Kirn et al. (2005) collected BNL water samples in February, April and June which precedes the late summer-fall encystment period when the maximum delivery of cysts from the overlying water column to the BNL occurs (a, 2013). The Kirn et al. early spring-summer data likely represent cysts that have remained suspended or have been resuspended into the BNL in the winter-spring with minimal input from the upper water column of newly formed cysts. A significant increase in the ratio of empty/intact cysts between February and April in their BNL samples suggests excystment of the BNL cysts as a result of the cysts' endogenous clock plus increasing temperatures and light levels (Anderson and Keafer, 1987; Kirn et al., 2005) . By comparison, the fall BNL cyst concentrations reported in the present study may also result from bloom termination, cyst formation and settling at the end of the summer, coupled with input from resuspension.
An objective of our study was to answer the following questions: are the A. fundyense cyst numbers in the BNL what we might expect from resuspension of the cysts in the underlying sediments, and how do the BNL and sedimentary cyst inventories compare as potential sources of bloom inoculum? Bottom resuspension has been identified as a significant and consistent source of cysts to the gulf BNLs (Kirn et al., 2005; Pilskaln et al., 2014) . Time-series sediment trap data obtained above and within the gulf BNLs indicate that cyst delivery from the overlying water column is highly seasonal but on an annual basis cannot account for the cyst fluxes measured within the BNLs and thus bottom resuspension must make a substantial contribution . Kirn et al. (2005) concluded from their measurements of nearbottom, suspended and sedimentary cyst abundances that resuspended sedimentary cysts may be an important source of the annual A. fundyense vegetative population.
The primary time period of cyst formation, settling out of the water column, delivery to the BNL and (presumably) to the underlying sediments occurs in the late summer-fall, following the annual spring-summer bloom as documented by many years of cyst surveys and time-series sediment trap studies (Anderson et al., 2014/cyst maps; Pilskaln et al., 2014) . Newly formed cysts must undergo a mandatory, 2-6 months maturation and dormancy after which the activation of their endogenous clocks leads to germination if they are exposed to favorable temperature and oxygen conditions (Anderson, 1980; Anderson and Keafer, 1987) . However cysts potentially may remain dormant for years if buried deep enough and in low-oxygen content, shelf sediments (Anderson, 1980; Anderson and Keafer, 1987) . These life-cycle components are especially important to the fate of A. fundyense cysts deposited in the organic-rich, upper sediments in the Gulf of Maine that accumulate at relatively high rates of 1-3 mm year To examine the potential contribution of suspended cysts to bloom initiation, we need to compare cyst concentrations within the BNL and the sedimentary cyst reservoirs. Additionally, we need to consider the mean thickness of the BNLs over which resuspended cysts are distributed, the sediment depth over which the majority of mature, germination-ready cysts are found, and estimates of Gulf of Maine sediment erosion depths due to natural physical processes such as shear stresses from currents and waves. Multi-year sedimentary cyst densities for the Gulf of Maine and BOF are reported by Anderson et al. (2005 Anderson et al. ( , 2014 2014). It is within the 0-1 cm sediment depth horizon that the greatest abundance of viable cysts is concentrated in comparison to the immediately underlying sediments . Hypothetically, if all the cysts within the top 1 cm of the seedbed sediments were resuspended into the overlying water column to a depth that approximates the mean gulf BNL thickness (i.e., $30 m), we might reasonably expect 10 5 -10 6 cysts m −3 within the overlying BNLs. These values are remarkably similar to the maximum suspended cyst densities of 10 5 cysts m −3 that we report in the current study from the BOF, eastern JB/deep central gulf and the region to the southwest offshore Penobscot Bay (i.e., the dark red areas in Fig. 4B ). Assuming that the majority of the mature cysts in the BNL are derived from the underlying sediments, then once resuspended, they have a greater probability of being transported up into the water column where they would encounter germination-favorable light, temperature and oxygen conditions as compared to those cysts that are sediment-bound. In this scenario, BNL cysts could represent a highly significant, potential contributor to the bloom inoculum in the gulf.
Resuspension provides a mechanism to release sedimentarybound cysts into the overlying, oxygenated BNLs and bottom waters where germination-favorable conditions exist . In the Gulf of Maine, sediment resuspension is primarily driven by bottom stress resulting from storm-generated waves, strong tidal flows and well-defined subtidal flows (e.g. the Maine Coastal Current, Jordan and Wilkinson Basin gyres; Greenberg, 1979; Brown, 1984; Moody et al., 1984; Brown and Irish, 1992; Lynch et al., 1996; Pettigrew et al., 2005; Pilskaln et al., 2014) . Storm-wave resuspension is most prevalent in the shallow regions of the gulf near the coast (Butman et al., 2008) . Tidal flow energy and its likely impact on the bottom boundary region decreases in strength from east to west (Bigelow, 1927; Garrett, 1972; Xue et al., 2000) . In the deep BNLs of Jordan and Wilkinson Basins that are inside the peripheries of the cyclonic gyres centered over the basins, mean tidal flows of 10-20 cm s -1 dominate smaller residual (mean) flows (Pilskaln et al., 2013a) . In the BOF where a massive A. fundyense seedbed exists, model simulations of the BOF cyclonic gyre reveal inter-and intra-annual variability in particle retention and advective interaction with the adjacent Gulf of Maine circulation (Aretxabaleta et al., 2008 (Aretxabaleta et al., , 2009 . Theoretically, it follows that such variability might also impact the resuspension and transport of cysts from the BOF seedbed into the gulf. Butman et al. (2014) conducted sediment erosion experiments on small, 10.7 cm diameter cores obtained from seven gulf stations (70-4 200 m bottom depth) and used the results into a one-dimensional model to estimate sediment resuspension and transport. Aretxabalets et al. (2014) used the erosion results to explore transport of sediment during single erosion events. The major A. fundyense seedbeds in the gulf and BOF are dominated by fine silt and clay sediments Butman et al., 2014) . For simulations at known cyst seedbed stations, the resuspension suggested that about 1 mm of sediment is mobilized in winter and spring, with interannual variability in the frequency of resuspension events . The simulations also showed no resuspension in Wilkinson basin and negligible surface sediment resuspension in Jordan Basin where clay and fine silt sediments are predominant. The surprisingly low, 1 mm erosion depth reported by Butman et al. may be due in part to edge effects of the relatively small cylinder used in the erosion experiments as compared to that employed by others (e.g., Gust and Mueller, 1997) . In similar studies using a different mechanism to generate stress (oscillating plunger vs. rotating plate), a significant shear stress reduction near the cylinder wall has been shown (Grant et al., in press) which could impact the total erosion rate determined over a fairly small experimental surface area. Another issue concerns the magnitude of the near-bottom velocities used to predict the stress. Although the model velocities (from Chen et al., 2003, Finite Volume Coastal Ocean Model, FVCOM) used by Butman et al. (2014) are consistent with those reported by Pilskaln et al. (2014) for 255 m (25 mab) in Jordan Basin, the near-bottom velocities used for the stress computation are attenuated in a bottom boundary layer. To our knowledge, there are no near-bottom velocity profiles in the Gulf of Maine that can be used to quantitatively evaluate the shear predicted by FVCOM. In any case, for the sake of comparison, if we consider that only the top 1 mm of surface sediment in the seedbed areas is resuspended, the estimated cyst concentration in the BNLs would be 10 3 -10 4 cysts m -3 which matches or exceeds 87% of our measured BNL cyst concentrations. However, approximately 1 cm of sediment resuspension would be required to provide the highest BNL suspended cyst densities of 10 5 cysts m −3 observed in particular in the BOF BNLs (Fig. 4B) . Spatially scaling up all of our BNL suspended cyst and sedimentary cyst data, we are able to directly compare the total BNL cyst versus sediment cyst inventories in each subdomain (Table 1) . Looking at the last two columns in Table 1 , the BNL cyst reservoirs estimated for the WGOM and EGOM subdomains are equivalent and 1-2 orders of magnitude smaller than the corresponding subdomain 0-1 cm cyst reservoirs. If we consider the resuspension of only the upper 0-1 mm sedimentary cyst inventories (projected from the 0-1 cm values) as a source of BNL cysts, as suggested in Kirn et al. (2005) , then all the BNL cyst and sediment inventories begin to significantly converge. Most notable in the last two columns of Table 1 are the total BNL cyst and 0-1 cm sediment cyst inventories for the BOF. These two cyst reservoirs are of equal size and thus significance as a source of cysts for blooms and potential export to adjacent downstream regions.
The conceptual model of A. fundyense dynamics presented in Anderson et al. (2005) suggests that blooms are initiated by germinating cysts from the noted subregional seedbeds. In this context, the BOF serves as the critical A. fundyense incubator, retaining enough cells to contribute to the seedbed but also supplying cells that propagate to the west and south into the gulf via the MCC . Our study adds to and enhances the conceptual model by providing substantial support for the benthos-to-water-column connection in bloom generation via sediment resuspension and the existence of a large BNL cyst reservoir, particularly in the Bay of Fundy (Table 1) . 
Conclusions
Extensive benthic nepheloid layers are present in the Gulf of Maine and contain substantial A. fundyense cyst concentrations that vary by several orders of magnitude (e.g., 10
2 -10 5 cysts m −3 ) over distances of 15-30 km. BNL cyst inventories within the Bay of Fundy and the eastern and western gulf regions were calculated to be on the order of 10 15 -10 16 cysts per sub-region. A general northeast to southwest trend of decreasing mean BNL thickness and cyst concentrations was observed. Our data indicate that BNL cysts are transported from the Bay of Fundy to the central coast of Maine via the MCC and to the south-central gulf via the southward branching component of the MCC. The latter is an important finding relative to the potential source of cysts that could fuel A. fundyense blooms in the Georges Bank region. We estimate that the gulf BNLs represent an important cyst reservoir in the nearbottom waters of up to 10 5 -10 6 cysts m −2 in particular regions that is at least as significant as the 0-1 cm surface sediment cyst pool in terms of providing bloom inoculum. Specifically, if only the upper 1 mm of sedimentary cysts were viable for germination, the potential contribution of BNL versus sedimentary cysts to bloom initiation would shift toward the BNL. Greater refinement and increased certainty of these estimates requires much more effort in determining the age of cysts in the BNLs and the uppermost sediments, as well as the germination success rate in these two environments. Additionally, modeling of the potential and probable lateral movement of the gulf BNLs will go a long way towards increasing understanding of bloom occurrences in south-central areas as well as the potential impact of shelf BNLs on sedimentation and particle resuspension on the adjacent slope.
